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1972.-Selective warming of the ears of the New Zealand white rabbit at ambient temperature (TEL) of 8 C led to a decline in metabolism (M) and no significant change in hypothalamic temperature (Thy). After ear warming was discontinued, M increased. Conversely, cooling the ears of these rabbits at T, = 17 C led to an increase in M and no change in Thy. After ear cooling was discontinued, M decreased. Heating a small area of the back of these rabbits (at T, = 8 C) led to a decline in M, followed by a rise in M on termination of heating. (5-10 C), although Tr, was actually 0.1-0.2 C above values in the neutral range (15-30 C), the rabbits were actively shivering and their metabolic rate was 50 % or more above the values in thermoneutrality.
Also, the major differences in skin temperatures observed between the individual rabbits in the cold were shown to be associated with an increased M in those rabbits with the lowest T,.
From the above information, it appeared that thermoregulation in the New Zealand white rabbit, while at rest and at a T, of 5-30 C, was largely dependent on TS. Kluger et al. (9) by an open-circuit system. All measurements were taken at 1-min intervals.
In all experiments, each rabbit was allowed to come to thermal balance (constant Tr, (=t 0.1 C) and relatively constant M and skin temperature) for approximately 30 min prior to and following the experiment period (ca. 30 min). Values reported are averages of data taken each minute.
Three separate experiments were performed : I) Ear heating followed by passive cooling. The ears of the rabbits exposed at a T, of 8 C were selectively heated using a 250-w infrared heat lamp placed 30 cm from the ears (Fig.  1) . A sheet of aluminum foil was placed in front of the thorax and around the face mask of the rabbit to shield the rest of the animal. The ears were heated to 30 zt 3 C.
2) Ear cooling followed by passive ear warming. The ears !were cooled with a water-perfused cuff placed loosely around the ears. The cuff was composed of a hollow copper cylinder sealed at pne end (20.0 cm circumference, 11.5 cm long) with an inlet and an outlet for water circulation.
A rubber surgical glove, partially filled with water, was glued to the inside of the cylinder so that the rubber glove was in contact with the rabbit's ears. With the animals exposed to an ambient temperature of 17 C, the ears were cooled from 2 1 to 14 rt 2 C by circulating tap water through the cuff. 3) Back warming followed by passive cooling. An area of about 200 cm2 of the back of the rabbit was warmed using a 250-w infrared heat lamp placed 30 cm from the skin surface (Fig.  1) . The face and ears were shielded with aluminum foil. The back was heated from 30 to 37 zt 1 C while the animal was exposed to an ambient temperature of 8 C. In two experiments, the skin area of the back was warmed with a heat lamp placed laterally to minimize the possibility of altering spinal cord temperature during warming.
In another experiment, a thermocouple was surgically implanted in the thoracic region of the spinal canal and direct measurements were made of T,, during heating. RESULTS 1) Ear warming followed by passive ear cooling (8 C T,). When the heat lamp was turned on, the ear temperature rose to 30 =t 3 C, M declined 0.3 w/kg, and T,, declined 0.1 C; other temperatures, Tb and Thy, remained essentially unchanged (Fig. 2 , Table  1A ). Following ear warming, the metabolic rate increased 0.7 w/kg, to a level greater than the initial value. As previously reported even though the ear temperature was raised from about 11 to 30 C, little if any heat could have been transferred to the rabbit via the ears at low ambient temperatures and the measured values of Thy were not significantly different in the heating and nonheating periods.
2) Ear cooling followed by passive ear warming (17 C T,). Selectively cooling the rabbit's ears 7.3 C, using the waterperfused cuff, led to a substantial increase in M of 0.5 w/kg (Fig. 3, Table 1B ) and 0.1 C in T,,; Tb and Thy remained unchanged.
Following ear cooling, T, rose 6.1 C and M declined 0.4 w/kg.
3) Back warming followed by passive back cooling (8 C T,). Warming the back 7.5 C led to a decline in M of 0.5 w/kg (Fig. 4, Table 1C ). T,, T,,, and Thy remained relatively constant. Following back warming, Tb fell 6.8 C and M increased 0.4 w/kg. In order to investigate the possibility that the temperature-sensitive spinal cord (6) might play a role in the observed response, the following experiments were performed. First, the right side of one rabbit (two experiments), lateral to the midregion of the back, was selectively warmed in such a way as to avoid irradiating the back; results similar to those in Table 1 C rneasured during one experiment in which the back was irradiated in the same way as in other experiments. The results of this experiment revealed that T,, increased 0.1 C during back heating, and another 0.1 C during back cooling. lt would not appear that changes in spinal temperature \vere a significant factor in causing the metabolic changes observed. DISCUSSION It has long been speculated that the ears of the rabbit can act as thermal radiators (2). This impression has been recently confirmed ( 13) and as the ears have large surface area, are sparsely furred, and well exposed, they serve also as effective thermal detectors. However, it is apparent from this present study that the skin beneath the heavily furred back of the rabbit is also thermally sensitive and participates in thermoregulation.
Such an action was suspected as a result of previous experiments (5) in which a clear relationship between mean skin temperature and cold thermogenesis was noted. The effective thermosensitivity of the furred skin has been questioned in the past (8) and our previous study did not settle the question since the possible effects of receptors in the respiratory tract and buccal surfaces could not be evaluated. The use of selective local heating as in the present experiments provides data that seem to definitely implicate some sort of thermal receptor system in the skin beneath the heavy fur of the New Zealand white rabbit which is eff'ective in thermoregulation against cold. It is generally believed that mammalian thermoregulation is dependent on internal and peripheral thermal stimulation in which the effects of core and skin summate to yield the total thermoregulatory response (1, 7, 14) . However, data from experiments involving selective heating and cooling of many areas of the central nervous system require that the "core" be considered in separate parts, for example, preoptic-anterior hypothalamic-area (6, 7), medulla (3), spinal cord (6), etc. Also, the viscera has recently been shown to be thermally responsive (11). The skin has been divided into face (lo), testes (15), ears (9), etc. In a given circumstance, any or all of these temperature inputs (as well as others) may participate in altering the magnitude and direction of appropriate thermoregulatory responses. In our studies on the resting New Zealand rabbit (5) we found that the core temperature changes little at ambient temperatures of 5-30 C and is, in fact, slightly elevated at low -ambient temperatures. Therefore, we concluded that core-temperature inputs are not significantly contributing to the cold responses in the rabbit under these conditions. The question arises whether the furred skin areas of the rabbit simply add their effects to those of the ears to yield the thermoregulatory response in the cold; that is, Do the areas of the skin sum their responses for thermoregulation in proportion to the size of the area stimulated as indicated for the human sweat response by Gagge (4)?
If the data from Table  1 are considered on the basis of the metabolic change per degree per unit of area heated or cooled, a rough comparison can be made between the total response of the animal to cold and the respective contributions of the ears and the furred skin. The total response of the animal is 2.1 w/kg with a mean skin temperature change (including ears) of -7.5 C (5), or -0.28 w/kg. "C for the whole rabbit.
The data from Table 1 indicate for the ears alone (N 12 % of total body area) a response of -0.047 KLUGER, GONZALEZ, AND HARDY w/kg l "C or (-0.047 X 8), -0.38 w/kg l OC for an entire rabbit.
Also, for the skin beneath the fur of the back (also -12 % of total body area) values are -0.067 and -0.54 w/kg* "C, respectively.
Thus, on a per unit area basis, both the ears and the furred skin taken separately have greater response coefficients than the total animal response, so it must be concluded that their combined effects are smaller than would be predicted by a simple addition. It would also appear that the sensitivity of the furred skin on an area basis is at least equal to that of the ears. It must be noted, however, that during ambient temperature changes, the skin beneath the insulating layers of fur changes temperature more slowly and much less (about one-third) than do the REFERENCES ears. Therefore, the ears with their smaller heat capacity and greater heat transfer rate to the environment probably serve as more important sources of thermal information, particularly during rapid thermal transients. We must also infer that the several areas of furred skin do not simply add the effects of thermal stimulation from over the body surface.
